The purpose of the paper is to present an Asset Liability Management (ALM) technique which uses a fractional programming model to determine the balance sheet of a commercial bank in Mongolia. We examine the balance sheet of a commercial bank introducing some common ratios used in the Bank. Numerical results were done in case of Mongolia in Central Bank.
Introduction
Bank asset and liability management is defined as the simultaneous planning of all asset and liabilitypositions on the bank's balance sheet under consideration of the different bank management objectives and legal, managerial and market constraints, for the purpose of mitigating interest rate risk, providing liquidity and enhancing the value of the bank [1] .
The central problem of ALM revolves around the bank's balance sheet and the main question is that what should be the composition of a bank's assets and liabilities on average given the corresponding returns and costs, in order to achieve certain goals, such as maximization of the bank's gross revenue. This need has led banks to determine their optimal balance among profitability, risk, liquidity and other uncertainties. The optimal balance between these factors cannot be found without considering important interactions that exist between the structure of a bank's liability and capital and the composition of its assets [2] .
Looking to the past, asset and liability management models can be classified in several approaches [3] . The first, based on Markowitz's [4] theory of portfolio iBusiness selection, assumes that returns are normally distributed and that bank managers utilize risk-averse utility functions. However, the model omits trading activity, matching assets and liabilities, transaction costs, and other similar features. The second approach is a linear programming model, proposed by Chambers and Charnes [5] . They were concerned with formulating, exploring and interpreting the use and construction which may be derived from a mathematical programming model which expresses more realistically than past efforts the actual conditions of current operations. However, this approach will not generate an optimal solution to the total problem, but rather acts as a deterministic simulation to observe portfolio behavior under various economic conditions [6] .
The third approach is dynamic programming, proposed by Samuelson [7] , Merton [8] , and Eppen and Fama [9] , who modeled of asset problems. These models are dynamic and account for the inherent uncertainty of the problem.
However, given the small number of financial instruments that can be analyzed simultaneously, they are of limited use in practice. The fourth approach is a stochastic linear programming with simple recourse, which is also called linear programming under uncertainty. This technique explicitly characterizes each realization of the random variables by a constraint and leads to large problems in realistic situations. Cohen and Thore [10] viewed their model more as a tool for sensitivity analysis (in the aggregate) than a normative decision tool. The computational intractability and the perceptions of the formulation precluded consideration of problems other than those that were limited both in terms of time periods and in a number of variables and realizations.
The fifth, Eatman and Sealey [11] developed a multi-objective linear programming model for commercial bank balance sheet management considering profitability and solvency objectives subject to policy and managerial constraints. The last approach is stochastic integer programming problem proposed by Schultz and Tiedermann [14] . The logical constraints in the portfolio impose upper bounds on the number of classes of assets to be considered in the portfolio and the number of assets to be traded in any time period. They also force conditional lower bounds on the volume to be traded in periods. Then, they claim that the stochastic continuous programming problem is converted to a stochastic integer programming problem. Most authors consider the problem with only continuous variables, see Kouwenberg and Zenios [15] , and Ziemba and Mulvey [16] .
ALM models have been developed by a mixed approach since the 2006. Escudero and Garin [17] developed on multistage stochastic integer programming for incorporating logical constraints in asset and liability management under uncertainty, where the 0 -1 variables and the continuous variables appear at any stage. Zeng and Li [18] investigated continuous-time asset liability management under benchmark and mean-variance criteria in a jump diffusion market. The benchmark model was solved by employing the stochastic dynamic programming and its results are extended to the mean-variance model by adopting the duality theory. Mohammand and Sherafati [19] did an attempt to propose a model for optimizing liquidity management with goal programming perspective and integrating goal programming with fuzzy AHP.
The purpose of this paper is to develop a new type of a fractional programming problem for the bank asset liability management into a deterministic environment based on some common ratios.
Problem Formulation
The paper presents a new ALM methodology in a deterministic environment in order to choose strategic directions in a commercial bank's financial plan. The formulation is based on a balance sheet information and 14 structural variables.
7 variables correspond to assets and another 7 variables to liabilities. In Table 1, we show these variables.
In order to formulate our model, we need to introduce the following ratio variables as follows:
where v 1 : liquidity ratio, v 2 : total loans to total assets ratio, v 3 and v 8 : stability and instability ratio of deposit, respectively, v 4 : liquidity asset ratio, v 5 : due to banks and financial sector to total assets ratio, v 6 : earning assets to total assets ratio, v 7 : financial investment ratio, v 9 : due to banks and financial sector to total liabilities ratio, v 10 : capital sufficiency. Proof: Taking into account that 1. .
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In other words,
Then, we get proof the lemma.
Formulation of a Fractional Programming
Now we consider the problem of maximizing a capital sufficiency subject to liquidity ratio, leverage, liquidity asset ratio and loan portfolio ratio, total deposits ratio, total liabilities ratio, and combine ratio. 
where f: capital sufficiency from lemma 1, g 1 : liquidity ratio from lemma 2, g 2 : leverage from lemma 3, g 3 : liquidity asset ratio and loan portfolio ratio from remark 5, g 4 : total deposits ratio from lemma 4, g 5 : total liabilities ratio from remark 4, and g 6 : combine ratio from remark 3.
Numerical Results
The common ratio variables used in the specification of this model were taken directly as end of 2017 balance sheet of Top 5 commercial banks of Mongolia.
We have shown the formulations below in Table 1 , how to calculate these common ratios. Indeed, in Table 2 , results are showed by calculation variables.
Top 5 commercial banks in Mongolia shares 86 percent of a commercial bank market. We have ranked highest to lowest in Table 2 0.239 v = .
Concluding Remarks
The problem of maximizing a capital sufficiency subject to the ratios of the bank indicators for the first time has been formulated a fractional programming problem. The problem is nonconvex hard optimization problem. Solution of this problem is very suitable for realistic situation and the bank asset and liability management can describe where we are going on the market by analyzing competition impacts.
